INTRODUCTION
The understanding of the basic principles involved in the development of slopes is crucial for the understanding of the evolution of a landscape.
There are basically two methods by which the development of a slope can be studied. The first is the inductive method, in which measurements in the field are made in the hope to discover regularities which can later be formulated as "laws." In very complex phenomena, this approach may be hopelessly confusing. The second method, the deductive one, considers only one variable at a time, and makes a reasonable assumption regarding the physical principles involved in its change. The consequences of the assumptions are then deduced and, finally, the deductions are tested by determining whether the predicted features are found anywhere in nature. As Wolman (1963) stated: "The emphasis on principles...directs attention to interrelationships and hopefully lessens the tendency to observe, measure, and record everything simply because it is there."
With a view to providing a theoretical basis for work in the field, the writer (Scheidegger, 1961) proposed a simple mathematical model of slope erosion. The aim of the present paper is to elaborate on the earlier procedure by investigating the effect of lithologic variations along the slope profile upon the appearance of the latter, as calculated from the writer's theory.
The basic mathematical slope development model described earlier (Scheidegger, 1961) does not attempt to describe in detail the "microscopic" aspects of erosion; rather, it attempts to describe the overall effect of many contributing causes. It is assumed (a) that the speed, with which denudation proceeds is proportional to the declivity of the slope and (b) that the action of the denudation is normal to the tangent of the slope profile. These are very simple as sumptions, but it is believed that they may describe some actual phenomena correctly; they lead to a nonlinear partial differential equation.
In the present context, the term "slope" should be regarded in a very general sense. It may refer to a mountainside, to the ungraded part of a headwater stream, or to the profile of a promontory. Under conditions where the aforementioned assumptions are satisfied, the slopes will develop as calculated here. Hopefully, such conditions will be found in nature.
Before proceeding with the investigation of the influence of lithology in slope development theory, the deduction of the original partial differential equation will be recapitulated. In fact, the assumptions denoted by (a) and (b) above immediately lead to
where y is the vertical height above some base line, T is time, and x is the horizontal abscissa of the slope point under consideration (arbitrary units of x andy ). If a lithological resistance factor a is introduced, the differential equation becomes This equation is solved easily on an electronic computer by the same method as that applied to the basic differential equation.
The mathematical solution representing the denudation of an originally straight slope bank for a variety of conditions will be given here. A point of reference also will be provided by reproducing the basic solution (a= 1) of the slope problem.
THE BASIC SLOPE PROGRAM
In order to provide a point of reference for the calculations reported here, the wellknown case for the evolution of a straight slope bank consisting of homogeneous material will be presented first. For conformity with the results to be reported later, the solution of the differential equation has been recalculated for a slope bank with the following initial configuration: y = 4* for 0<x<0.25 y = 1 for 0.25^x^1.0
The steps in x were in units of 0.01. The time steps were originally chosen as 0.01, but these were modified by the computer program to satisfy the criterion of the characteristics. The present computer program has been described in detail previously by the writer (Scheidegger, 1962) .
The results of the calculations, which will represent a reference solution, presenting the slope profile for the same time values as will be used later for the further calculations, are shown in table 1 and figure 1. The units for x (horizontal coordinate), y (vertical coordinate), and T (total time elapsed) are arbitrary, and may be so chosen as to suit a particular problem.
SLOPE WITH CAPROCK
The first modification of the basic slope development problem to be presented is that of a horizontal layer of caprock. This can easily be accomplished by setting in equation 2 a = 1.0 a= 0.1 for for Thus, the caprock is 10 times more resistant to being eroded than the body of the slope.
It is again assumed that initially, the slope represents the appearance of a straight slope bank as given by equation 3. As time proceeds, a characteristic profile develops, as is shown numerically in table 2 and graphically in figure 2. 
SLOPE WITH RESISTANT LAYER
The influence of a horizontal resistant layer on the shape of a developing slope profile will now be calculated.
The following values for a in equation 2 will be assumed: a= 0.1 for 0.4<y <0.5 a = l .0 for all other values of y Naturally, the operation begins with a straight slope bank as given in equation 3. The results of the calculation are shown numerically in table 3 and graphically in figure 3.
SLOPE WITH SOFT LAYER
The reverse condition to that considered in the previous paragraph is that of a slope with a horizontal soft layer. It is assumed that a = 1.0 for 0.4 ^y <0.5 a « 0.1 otherwise and equation 2 is recalculated for these values of a. The results are shown numerically in table 4 and graphically in figure 4.
SLOPE WITH SOFT BOTTOM
The condition of a slope with a soft bottom is now considered, and it is assumed that a= 0.1 for a= 1.0 for This condition is, in a way, the reverse of that representing a slope with caprock. The results of the calculations are shown numerically in table 5 and graphically in figure 5.
It is observed that the development of the slope is completely characterized by the decay in the bottom layer, which results in virtually parallel slope recession, the speed of which is determined by the speed of ero-.sion in the bottom layer.
SLOPE WITH PORE WATER PRESSURE
A final modification was made in the calculation procedure by setting the top highest. This condition could be correlated with the possibility of the slope being water soaked. Then, one might argue that the erodability of the material varies just in the manner indicated.
The results of the calculations are shown numerically in table 6 and graphically in figure 6 . It is seen that the slope development is intermediate between that of a slope with caprock and that of a slope with soft bottom, just as would be expected.
